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@ Production of gas mbctures containing hydrogen and carbon monoxide. 

@ A process for producing a gas mixture containing hydrogen 
and carbon monoxide, comprising: endothemfiic reaction of one 
or more organic compounds wth steam and/or carfcxm dioxide at 
a temperature of 700 to 1 500"C aiKl a pressure of up to 80 bar; 
and partial oxidation of one or more gaseous fuels with an 
oxygen-containing gas in the presence of steam whereby a 
gaseous product is produces and thennal energy for said 
erKk>thermic reaction is provided. 
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PECDucnoN OP GRS MZXTOPES cxxnsuiniiG 

mDBOGEN AND CABBQN MDNQKIDB 

nie present invention relates to the production of gas 
mixtures containing hydrogen and carbon itionaxide by endothermic 
reaction of organic cccqpounds with steam az>d/or carbon dioxide 
at tenperatures of 700 to 1500 ®C and pressures i?> to 80 bar 
5 utilizing thermal energy recovered from the partial oxidation of 
gasecxis fuels to carbon monoxide and hydroge n . The endothermic 
resicticn of organic conpounds with steam is described in "Ency- 
clopedia of chemical technology" by Kixk-Ottmer (3rd edition, 
1980); Volune 21, page 543. 

10 Eteaothermic thermal or catalytic reaction of organic ocm- 

pounds, especially hydrocarbons, in tha presence of steam and/or 
carbon dio x i d e to produce carbon monoxide aixl hydrogen is an 
established reaction which is operated industrially using 
various processes. Such a process can be carried out in a 

15 tubular reactor, the necessary heat of reaction being supplied 
via heat transport throu^ the walls of the tubes or in a medium 
of externally heated solid heat exchanger material e.g. fine 
grained solid vrtiich is used in a f luidized bed. 

The kncwn p rocesses necessitate involved technology aiad 

20 erfubit low thermal efficiency. 

In the autothermic partial oxidation of ocganic ocnpounds, 
the necessary thermal energy is si^plied by the process itself 
via partial oonbustion of the organic feedstock. Hiis technique 
is also technically involved as well as requiring oxygen. 

25 An object of the invention is to increase the thenral 

efficiency of the conversion of hydrocarbons into synthesis gas 
ther^ enabling the reaction of the carbon ocnpounds with an 
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optiital or near opt±nal oonsunption of energy and ma terial s in 
the nsnufacture of synthesis gas from gaseous fuels. 

In anrorr^^p^ with the present inviaiticai, there is provided 
a process fcr producing a gas mixture ccaitainii^ hydrogen and 
5 carbon manoxider ccnprising; endothermic rea c tion of one or more 
organic ocnpounds with steam aix3i/ar caiixm dioxide at a tero^ 
perature of 700 to 1500 and a pressure of xjqp to 80 bar? and 
partial oocidaticHi of one or more gaseous fuels with an oxy- 
gen-<X2rtaining gas in the jaresence of steam and/or carbon 
10 d lCT ri^ vA«r^3y a gaseous product is produced and thermal energy 
for said enclothermic reacting is provided. By-products and waste 
products from r h fTni^^T synthesis and natural gas can be enployed 
as the organic ccoopounds axK[/or the gasecus fuels. 

TSie OB^gen-cGotaining gas may be pure co^gen, air or mix- 
15 tures of pure coq^gen and air. 

In view of the depletion of oil reserves^ the partial 
OKidation of gaseous fuels to synthesis gas, vfliich is a 
feedstock for many chemicals, is a subject of growing interest. 
Ohe partial oxidation of gaseous feedstocks can take place 
20 aooacding to various establisiied processes. 

nhese processes incltide the Shell Gasification Process. A 
ccnpr^«nsive survey of this process can be found in the Oil and 
Gas Journal, Septenber 6, 1971, pp 85-90. 

The partial oxidatian of gaseous fuels is usiaally carried 
25 out at tenperataares around 900 to rou^y 1600 *^C, preferably 

1100 to 1500 and pressures oap to 100 bar, preferably 5 to 100 
bar. 

As a oonsequQice of the hi^ partial oxidation tenperature 
and the use of gaseous fuels as feedstocks, the resultix^ syn- 
30 theg-i*? gas contains no ash, slag, soot or tar, therd^y elimi- 
nating the necessity of tising esqpensive purification steps. 
Raised pressure, high tenperature and a gaseous feed lead to a 
hi^ degree of conversion and relative to the volume of the 
g^ffif^r^a^-^on chanber, they effect a high specific throughput. In 
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-Uie majority of plants in vihich synthesis gas converted into 
proc3ucts such as anncnia, Qico cccpounds, methanol or pr o d ucts 
from the Fischer^Tropsch synthesis or the cosd. hydrogenatdon and 
VThich operate under pressure, a considerable part of the 
investmsnt: required for the ocnpression can be saved cn partial 
oxidizing gaseous fuels under pressure. Ccnpared to the 
established gasif icatdm processes in vAiich ashr-containing fuel 
is employed or v^ch operate under nomal pressure, the pressure 
partial oxidation of gaseous fuel permits a considerable saving 
in the manufacturing costs of synthesis gas. 

Ttn^ process according to the invention enables the use of 
the sensible heat of the gas for the endothermic reaction of 
organic cccnpcunds with steam and/or carbon dioxide, is used to 
cool the synthesis gas. 

In accordance with a preferred embodiment of the invention 
on leaving the partial oxidation reactor the hot synthesis gcis 
is iirmediately brought into contact with the organic conpounds 
to be reacted with steam and/or carbon dioxide i.e. preferably 
in a f luidized bed-containing reactor. 

With the process of the invention, it is possible to 
conduct the partial oxidation of gaseous fuels, under pressure, 
with optimal heat recovery in the waste heat system whilst 
utilizing the highest possible tenperature gradient. There is no 
blockage or baking in the units vAiLch are located edEter the 
g a si f ier, especially in the appaxaitas for recovering the waste 
heat. The endothermic reaction of the charge consisting of one 
or more organic conpounds has a cooling effect on the synthesis 
gsis. The process of the invention leads to the formation of an 
increased amount of synthesis gas as carbon monoxide and 
hydrogen result from the endothermic reaction between the 
organic ocrapounds with steam or carbon dioxide. 

Hydrocarbons or cocygen-contaxning conpounds are 
particularly sui tcfele as organic conpounds to be converted into 
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caxi)cn Tin rr""''^ ana hydrogen via the endotfaerndc reaction with 
steam and/or cariDon dioedde, and/or the partial oBcidatioti with 
an co^genr^xantaining gas. Scms examples are methane, ethane, 
eaylene, propane, propylene, butane, butylenes n^iifcha, 
gasoil, flashed distillate, deasiiialtfid oil, ai^r nonrashoan- 
taining fuel, methanol, ethanol, prcpanol, formaldehyde, 
acetaldel^, propicnald^de, butyralx3ehyde, acetone, methyl 
etlvl tetone, diethyl ketcs^, diproiyl ketones, dimethyl ether, 
methyl etlyl ether, diethyl ether, propyl formate, butq^l 
fbaaiate, formic acid, acetic acid, propionic acid and phenols 
(aronatic l^drco^ ocnpounds) . rfliey are reacted either alone or 
as a mixture of any quantitative and qualitative content. 

The enaathenrdc reaction and/or the partial coddation are 
particularly suitable for the by-products of those syntheses 
Mibere synthesis gas is used as foo d st o ck . 

Pta: exattple, in the BlsdjerJEtopsch synthesis Ixwer hydro- 
caxixxis or oD^gen-ccntaining coopounds are efa tain e d as by-pr«>- 
ducts. Ethers and other cDcygenrocnpcunds are fanned during the 
nethanbl synthesis, **ile brantiied alddiydes and hydrocarfx»s 
result as by-products of the olefin hydro&arnylatlon. 

!Ehus, the ocBbinatlon of the parfr^"'' ooddaticn with a 

synthesis is of particniar interest. If the non-required 
or unflesired by-products are at least in part recycled on removal 
from the synthesis stage to the endothermic reaction stage to 
produce l^drogen and synthesis gas, then the yields relative 
to the caiijon feed and the thermal efficiency of the ocnbined 
processes will be markedly increas ed . 

The Pischer-Tropsch synthesis can be taken as an exanple. 
The plant consists of a synthesis gas production unit, the actual 
Eischer-/rropscih synthesis and the stage for processing the 
products. Ocntrol of the process as well as the total yield of 
valuable products and the thermal efficiency can be markedly 
inproved \*en, in acoordanoe with the process of the invention, 
the undesired lew boiling by-products of the synthesis, e.g. 
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methane as vi^ell as Cj- and part of the hydrocarbons, are 
recycled with water and/or carbon dioxide to the endothentdc 
reaction stage vftiere they are converted via an erxiothennic 
rea c ti o n to carbon nonoxide and hydrogen. While the themal 
efficiency of the combined partial oxidation, synthesis and 
final processing steps (including the energy reguirennents of the 
oonventionsa process) i.e. without recycling the Pisdhsr-Tropscii 
ty-products, amounts to roughly 58%, the thermal efficiency 
of the process of the invention increases to rou^ily 64% on re- 
cycling the hy-^>roducts. There is a similar sitiaation with 
axygen-containing by-products of the FischerHTrcpsch synthesis, 
in particular with lower aldehydes and alcohols. 

Utilizing the heat content of the syntiiesis gas leaving the 
partial oxidation, which can be at a tenperature up to 1600 «*C, 
increases not only the yield of valuable products on reacting 
the Icw^-value by-products with steam aixa/or to carbon mono- 
xide and hydrogen hut also considerably siitplif ies operation of 
the process. The endothermic reaction of the carfxxi-containing 
conpcunds with steam and/or ^^^ui still proceed at a 
sufficient rate at only 800 **C. 

Positive results are achieved with all syntheses with 
carbon xtcnoxide or a synthesis gas feedstock. The significance 
of the invention is therefore not limited to the conbination of 
synthesis gas production with the Pischer-Ollropscfli-syntte It 
also enccnpsisses in the same way the ccnbination of synthesis 
gas production wil^ methanol synthesis, Oxo synthesis or other 
processes vAiich are based on a CcU±Qn monoxide or a carbon 
monoxide and hydrogen feed. The same applies to processes fcr 
the hydrogenation of coal under pressure v^iere the hydrogen for 
the hydrogmation is produced by partial oxidation of fiiels 
especicOly coal or solid-containing high boiling l^drocarbon 
fractions which are obtained from the coal hydrogenation. 
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It is particularly worth menticning that^ the prcxsess 
accorcling .to the invention, does not iterely permit the utili- 
zation of the by-products from chemical synt h esis but also tiie 
use of carbon dioxide, \*ioh always results from the autothentdc 
gasification of fuels and/or subsequent OO-siiift reactions. 

The endothermic reaction of oz?ganic oonpounds with steam 
and/or OOj can occur at tenperatures as low as 800 *»C. Thus, the 
quantity of t*e organic cocopounds and therefore also the 
quantity of water and/or carbon dioxide is dete rm i n ed by the 
tenperature of the synthesis gas leaving the r eac to r . Par eadi 
gram-atom of carbon of the organic conpound, at least 3 moles, 
usually 4 to 6 rr^ lpq of water and/or carb on dlnxidp are iiitr^ 
duoed* 

a!be extent of the increase in thermal ef f i c ie n cy and yield 
of value p ro du cts in connected plants, which according to the 
invention consist of partial oxidatioi and endothermic reaction 
units, d^)ends en the prevailing conditions, in parti c ula r on 
reaction conditions, products and the efficiency of the heat and 
product recovery plants. 

In summary the invention relates to a process for the 
production of a gas mixture containing hydrogen and c arb on 
monoxide via the endothermic reaction of organic oonpounds wi'Ui 
steam ai^a/or carbon dioxide at ca. 700-1500 and pressures up 
to 80 bar. fOe process is characterized by the fact that 1±e 
t^^^rmai energy required for the endothermic reaction is obtained 
from the sensible heat of the carbon monoxide/hydrogen mixture 
resulting from tiie partial oxidation of gaseous fuels with 
oxygen or oxygenr-oontaining gas mixtures in the presence of 
steam. 

Preferred enixsdiiients of the invention are sumooarized as 
follows: 

1. Process as described hereinbefore in whidi natural gas is 
eocployed £is the gaseous fuel and/or the organic conpound* 
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2. Process as described hereinbefore in vftiich the endothermic 
reaction of the organic cGnpounds ensues in a zone situated 
after the gasification zone. 

3. Process as described hereirbefore in vihich the conpounds to 
5 be endothermally reacted are preheated together with steam 

and/or carbon dioxide before entering the reaction zone* 

4. Process cis described hereinbefore in vdiich saturated or 
unsaturated hydrocarbons with 1 to 3 carbon atoms are employed 
as the organic conpounds. 

5. Process as described hereinbefore in v^ch the products of 
tiie Fischer-Tropsoh, methanol or Qxo synthesis can be enployed 
as the organic conpounds. 

6. Process as described hereinbefore in vdiich the endothermic 
reaction betMeen the organic ocnpounds and steam and/or ceirfaon 

15 dioyide is carried out in a fluid bed reactor in vftiich a 
tenperature of 800-950 is advantageously maintained by 
routing the organic conpounds and at least part of the hot 
product gas finom the partial oocidation reactor together with 
steam and/or CO2 through a fluid bed of particulate catalyst. 

20 7. Process as described hereinbefore in ^briiich the endothermic 
reaction between the organic cGcpounds and steam and/or carbon 
dioDcide is carried out in a fluid bed reactor in which a 
tenperature of 800*-950 ®C is advantageously maintained by 
routing the organic conpounds togetJier with steam and/or carbon- 

25 dioxide throu^ a flxiid bed of particulate catalyst, ^i^ch 

catalyst has been indirectly heated by means of at least part of 
the hot product gas from the partial oxidation reactor and 
thereafter has been recirculated to the endothermic fluid bed 
reactor. 

30 8. Process as described hereinbefore in viiich the endothermic 
reaction between the organic conpounds and steam and/or carbon 
dioKide is carried out in a fluid bed reactor in which a 
tenperature of 800-950 ^C is advantageously maintained by 
routing the organic conpounds together with steam and/or carbon 
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dlrffarj<=> tfarouc^ a fluid bed of particulate catalyst vdiich is 
indirectly heated by means of at least part of the hot product 
gas from the partial OKidaticn reactor being passed through at 
least one pipe situated in the fluid catcilyst bed. 
5 9. Process as described hereinbefore in vAiich the endot hrnn ic 
reaction between the organic ccxipounds and steam and/or carhon 
^jrntj f^ is caixied out in a fixed catalyst bed situated in at 
least cne pipe in MihixAi a tenperature of 800*950 ®C is 
advantageously mriintainpd by routing at least part of hot 

iO product gas from the partial cxidation along the pipe (s) • 

10. Process as described hereinbefore in \0hich the endothermic 
reaction between the organic ccnpounds and steam and/or ceodbon 
dixxide is carried out in a fixed catalyst bed si tu a t ed in at 
least one pipe in vdiich a tenperature of 800-950 *C is 

1-5 advantageously maintained by means of at least one heat transfer 
meditsn, e.g. liquid metal or a fltiid bed, \diich medium has been 
heated by means of at least one other pipe throuc^ vAiich at 
least part of the hot product gas from tte particd. oaddation 
reactor is passed. 

20 11. Process as described hereinbefore in vAiicfh at least one 
gaseous by-product from at least one synthesis vshere synthesis 
gas is used as feedstock^ is burnt in a gas turbine and at least 
part of the hot eadiaust gas from the gas turbine is used for 
pr^ieating at least part of the organic connpounds to be reac t ed 

25 with steam and/or carbon dixxcide, at least part of the gaseous 
fuel to be partially oxidized and/or at least part of the steam, 
carbon dioocide azHSt/or OKygen*-cont£Lining gas to be used in said 
reactions. 

12. A process as descidbed hereinbefore in \^ch at least part 
30 of the hot gas from the partial oxidation reactor and/or at 
least part of the hot gas obtained by the reaction of one or 
m3re oi^ganic oonpounds with steam and/or carbon dioxide is 
passed together with one or more light hydrocarbcais, an 
oQcygen-containing gsis and optionally steam and/or to a 
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catalytic partial oxidation unit in order to increcise the amount 
of synthesis gas prodoced. 

By the process according to the invention and its preferred 
enbodiments the f ollOMing advantages are obtained over the prior 
art processes: 

1) a better yield of synthesis gas; 

2) an increaised H2/CX) iratio in the synthesis gas obtained; 

3) a lc^0er usage of oxygen per n? of syngas obtained; 

4) a Icwer capital cost of the plant far the production of CX>- 
and HL^containing gas mixtures. 
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CLAIMS 

1. A process for producing a gas mixtxire oon t-ainin g l^drogen 
and caiixsi nonoKide, conprising: ewtotAennic reaction of one or 
nore organic ccnpsunds with steam and/or carbon dix a cid e at a 
tenperature of 700 to 1500 and a pressure of i:?> to 80 bar; 
and part i>1 CDddation of one or nore gaseous fuels wi^ an 
oxygenrKxntaining gas in the presence of steam vihen^T/ a gsisecus 
product is produced and thermal energy for said endot hermic 
reaction is provijded. 

2. A process according to claim 1, viherein the gaseous fiiel 
is natural gas. 

3. A process according to either preceding claims vAierein the 
paT-4><jii oxidation is conducted at a tenperature of 1100 to 1500 ''C 
and a pressure of 5 to 100 bar. 

4. A process according to any preceding claim, v?faerein the 
partifid. oxidation is carried out in a partial oxida t io n zcbc^, 
the endothermic reaction is carried out in an endothermic re- 
action zone, and products of the partial o x idat i o n are fed from 
the partial oxidation zone into the endothermic reaction srone. 

5. A process according to claiia 4, vAierein one or more organic 
conpounds are heated together with steam and/or cartxwi d i o x ix te 
before entering the endothermic rea c tion zone. 

6. A process according to any preceding claim, wherein said 
one or more orga nic cGnpounds conprise one or more s at u r ated 
or unsaturated hydrocaidxsns having 1 to 3 carbon atoms in the 
molecule. 

7. A process according to any preceding claim, wherein sai d 
one or more organic ccnpounds conprise one or more products of 
the FisdieD-Tropsch, methanol or Gbco synt h es i s. 

8. Process according to any one of claims 1 to 7, 
characterized by the fact that the endothermic reaction between 
■Uie organic conpounds and steam and/or carbon dioxide is caxxied 
out in a fluid bed reactor in \^ch a tenperature of 800-950 *C 
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is advantageously maintained by ixuting the organic ccnpounds 
and at least part of the hot product gas frcm the partial 
OKidation reactor together with steam emd/or CO^ through a f Laid 
bed of particulate catalyst. 

9, Process according to any one of claims 1-7, characterized 
in that the endothermic reaction between the organic ocxtpounds 
and steam and/or carbon dicocide is carried cut in a fluid bed 
reactor in >^ch a tenperature of 800-950 ®C is advantageously 
maintained by routing the organic cccpounds together with steam 
and/or carbon dioxide throu^ a fluid bed of particulate cata- 
lyst, vAiich catcdyst has been indirectly heated by means of at 
least part of the hot product gas fixm the partial cxidatiop 
reactor and thereafter has been recirculated to the endothermic 
fluid bed reactor. 

10. Process according to any one of claims 1 to 7, characterized 
by the fact that the endothermic areaction between the organic 
OGnpounds and steam and/or carbon dioscide is carried out in a 
fluid bed reactor in vAiich a tenperature of 800-950 is 
advantageously maintained by routdLng the organic oonpounds 
together with steam and/or carbon dioxide throu^ a fluid bed of 
particulate catalyst \^ch is indirectly heated by means of at 
least part of the hot product gas from the partial oxidation 
3:eactor being passed through at least one pipe situated in the 
fluid catalyst bed. 
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(S) Production of gas mixtures containing hydrogen and carbon monoxide. 

© A process for producing a gas mixture containing 
hydrogen and carbon monoxide, comprising: endothermic 
reaction of one or more organic compounds with steam and/ 
or carbon dioxide at a temperature of 700 to 1500 X and a 
pressure of up to 80 bar; and partial oxidation of one or more 
gaseous fuels with en oxygen-containing gas in the presence 
of steam whereby a gaseous product Is produced and 
thermal energy for said endothermic reaction is provided. 
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